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FOREWORD

This document is the final report on the Hexagon
Satellite Vehicle/Space Transportation System
study undertaken by Lockheed Missiles and Space
Company, Inc. (LMSC). The work was performed
under Contract F18600-73-C-0074, to the require-
ments of Statement of Work BYE 73-14.
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1.2 STUDY ORGANIZATIONS

The study was conducted as a team effort by Perkm—Elmer, Inc. (P-E) (camera
system contractor) and LMSC. The latter seweazg Ei;e Study Integrating Contractor.
Each contractor established a designated Study Leader within his Hexagon activity,
and made necessary security arrangements to segregate this 10116 study from the
on-going Hexagon program work. Other contractors who provide equipment for the

program, but who did mwlitmmate in this-study, were represented by LMSC.

L.

Typlcal of the contractors so represented are:

General Electric, Aerospace Electronics Systems Department, contractor
for the Extended Command System (ECS)

McDonnell/Douglas Astronautics Co. , contractor for the Hexagon Recovery
Vehicle (RV).
Both contractors (LMSC and P-E) were respdnsible for defining the design changes
to their equipment in support of the study objective. LMSC was additionally respon-
sible for developing the interface between the SV and the STS. Both contractors identi-
fied the one~time tests required for all development and qualification, as well as those
operations and tests required during the refurbishment activities. The current Hexagon
Block I SV (13-18) was used as the point of design departure for he study.

The final reporting on the study is being accomplished separately >y P-E and LMSC.
However, a brief description of P-E's camera system design and jrogram cost is
included within Section 2 of this LMSC report.

1.3 STUDY APPROACH AND SCHEDULE

The first half of the study period was devoted to determining the ojerational concept
(on-orbit resupply/maintenance versus refurbishment-only) and sclecting a Satellite
Vehicle configuration. The results were presented at the mid terin briefing.

Figure 1-1 shows the work flow that generated the operational con:ept and SV config-
uration. The second portion of the study covered the refinement cf the selected SV
and subsystems design, SV/STS compatibility, and definition of supporting AGE,
facilities, tests, schedules, and costs. A decision-dependent are:. of work, the

1-2
"TOP SECREFHA40116

Approved for Release: 2017/02/16 C05094784

. N -
‘ R .

) 4
t

¢













[N

Approved for Release: 2017/02/16 C05094784

—FOR-SECRET/H/10116 BIF003W/2-069331-73

N,
f’rAn alternate operational concept, the ''non-overflight option," was to be investigated

to determine its effect on selected SV design and operations. No design or costing

| activities were required. The option involves launch of an SV into, or retrieval

orbit inclination eliminates STS overflight of the Sino-Soviet area.

~

/{ ] from, a 104 deg inclination orbit with a one-orbit flight of the STS. The selected
i /\‘S‘{(
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Section 2
SUMMARY

This section provides an overview of the hardware and functional elements of the
Hexagon SV, optimized for STS operations. It describes the STS configuration and

its capabilities, as well as the Hexagon Block II SV. A summary of the selection

of an operational concept (on-orbit resupply/maintenance versus refurbishment-only),
and the SV factory, launch, on-orbit, retrieval, and post-retrieval operations are
presented. Overall program schedules and cost estimates are also shown, plus

TR

suggested areas of work for subsequent studies.
2.1 SV/STS SYSTEM SUMMARY

This section summarizes the STS and the Hexagon Block III SV configurations em-

ployed in the study.

2.1.1 STS Configuration

The STS is a two-stage space launch vehicle, composed of a reusable, manned
Orbiter and an unmanned, recoverable booster. The STS will operate between the
surface of the earth and low earth orbit. As shown in Fig. 2-1, the Orbiter with its
crew and payload, is mounted "piggyback" to the single, expendable tank which con-
tains all of the hydrogen and oxygen propellants used by the Orbiter rocket engines
during the ascent phase of flight. The two solid rockets that comprise the booster
are located under the wings of the Orbiter and are attached directly to the propellant

tank.

o
oo

2-1
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Fig. 2-1 Baseline STS Configuration

Liftoff thrust is provided by parallel burning of the solid rocket boosters (SRB)

and Orbiter main engines. Guidance and control through the boost phase is
provided by Orbiter main engine thrust vector control (TVC), SRB TVC, and
elevon deflection. At SRB staging (approximately 162,000 ft), auxiliary rockets are
fired to accelerate the expended SRB cases from the vehicle. The cases follow a
ballistic trajectory after separation, are decelerated by parachute, and are re-

covered after water landing. The three Orbiter main engines continue firing to

orbit injection at 50 miles altitude. The external tank is separated after injection,

and its de=orbit motor is fired to place it into a trajectory with impact in an un-
populated designated ocean area.

The capability for intact Orbiter recovery in the event of premature mission
termination is provided throughout the entire mission sequence. Intact abort

2-2
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capability is provided from lift-off to SRB burnout by the SRBs with TVC. The
main engine will be shut down at abort initiation and the SRBs will provide sufficient
control and thrust to continue ascent until SRB burnout, after which an abort glide-
back is achieved. In the regime from SRB separation to orbital injection, return to
launch site following an abort is accomplished by Orbiter separation and glide-back,
or by continued flight using the orbital maneuvering subsystem (OMS) and the main
engines into a direct return or once-around abort trajectory.

The orbit characteristics of the Orbiter vehicle are adjusted as required by using
the OMS. On completing mission operations, the OMS is fired to initiate de-orbit
and establish an entry trajectory. The Orbiter achieves required cross range by
energy management, and returns to base where the vehicle is landed in a manner

similar to that of high-performance aircraift.

Significant characteristics and capabilities of the Customer-provided STS model are:

e Payload in diameter by 6 g
/ e 36,400-1b payload capability into a 50 x 100 nm, 96. 4 deg sun-synchronous
orbit

_~® Launch and recovery at Western Test Range.

The STS standard equipment includes a Remote Manipulator System (RMS) which is

available for payload deployment, retrieval, and on-orbit resupply/maintenance.

2.1.2 Hexagon Block HOI Configuration

The Block III Hexagon SV includes a camera system, recdvery vehicles (RVs), and
the Mapping Camera Module (MCM). The Titan IIID is employed to launch the SV
from WTR launch complex SLC-4E. The first Block III vehiches will be launched
in 1976.

The SV (Fig. 2-2) is divided into three major sections: Aft or Satellite Control
Section (SCS), Mid Section, and Forward Section. The SCS isdevoted primarily

2-3

“TOP-SECGRETH/10116

Approved for Release: 2017/02/16 C05094784



Approved for Release: 2017/02/16 C05094784

MAPPING CAMERA MODULE

EQUIPMENT MODULES

OREIT ADJUYST/REACTION
CONTROL MODULE

LoV /HAFHOISHOT—
¥-2
\:{...' B\X 3 :,‘ S N &)
3 /AN .‘8
R ~
2 k. <
) : I
v : ~
\ 4,\—,5‘"/
5
SO HAIHO3ISd01—

%
(=
(=4
5]
g
v
[~
[=2]
©
(]
(2
-
i

«3
54

Fig. 2-2 Hexagon Satellite Vehicle

O R W @ 0o Release 2017/02/16 CO5004764R W i W W



5-

Approved for Release: 2017/02/16 C05094784

T TOP SECREFAHA10116 BIF003W/2-069331-73

to spacecraft support and is divided into modules that house the support sub-
system equipment. The SCS subsystems include: electrical power and distribu-
tion; propulsion; reaction control; orbit adjust; Lifeboat; attitude control; and
tracking, telemetry, and command. The Mid Section houses the camera system
and its support equipment. The Forward Section carries the four main RVs and
the MCM which mounts on the front bulkhead. In the current Hexagon SV applica-
tion, a shroud protects the Mid and Forward sections against launch and ascent
environments; the shroud is ejected after Titan IIID Stage II ignition.

2.2 OPERATIONAL CONCEPTS

LMSC's approach to gelecting an operational-ceneept (on-orbit resupply/maintenance,
refurbishment-only, or combination thereof) was accomplished loyi ee
parallel areas of work which led to a trade study (ref. Fig. 1-1). Specifically,

(1) on-orbit resupply/maintenance concepts were analyzed and preliminary designs

of feasible concepts accomplished; (2) conceptual vehicle configurations were
generated in resupply/maintenance and non-resupply versions; and (3) operational

characteristics for candidate vehicles were established, i.e., orbital life and

operating orbits. This data was subjected to trade studies. Cost was determined
bt ettt

to be the most significant variable among configuration/operating concepts, and

was thus employed as the selection parameter.

e eer———

2.2.1 On-Orbit Resupply/Maintenance

The resupply and maintenance study was approached by assuming that an SV consists
of three sizes of Space Replaceable Units (SRU): modules, subsections, and sections.
A module was estimated to be very similar to current SCS modules. A subsection
represented a large removable item of equipment (e.g., an RV or camera system
supply unit). A section was defined to be an entire slice of the vehicle similar to

the SCS or the Forward Section of the Block III SV. Fluid and pressurant transfer
were also considered. It is important to note that approximately half of the Hexagon

vehicle weight is in expendables (fuel, film, RVs, etc.). This factor was found

2-5
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to be important in the operational concept study. Most resupply/maintenance
studies to date have concentrated on vehicles that operate at higher altitudes and

have a much smaller portion of their total weight allocated to expendables.

Three modes of SV/STS operation were established for on-orbit resupply/
maintenance:
(1) Formation Flying: no physical coupling between the SV and STS,

which requires maintaining constant separation distances and relative
attitudes with both SV and STS reaction control systems active.

(2) Soft Dock: SV/STS spatial orientation provided by minimum of one
RMS arm.

(3) Hard Dock: SV rigidly attached to the STS by a docking collar of
NASA neutered type.

The methods of accomplishing the resupply and/or maintenance, were: (1)

extra vehicular activity (EVA) by an astronaut, (2) non-EVA with use of the

RMS, and (3) non-EVA with use of special equipment mounted in the STS payload
bay and provided by the using program. It was concluded that if on=orbit main=
tenance and/or resupply is to be accomplished the SV should be hard dggggrt Q
MI& EVA was eliminated as a direct means of resupply and/or maintenance,

but additional studies are suggested to determine the possible benefits of an
astronaut in a monitoring or control function. Exchange of SRUs would be

accomplished by program-provided special equipment.

Figure 2-3 shows a concept for a Hexagon SV configured for on-orbit resupply
and maintenance. The SCS replacements are stored in a rotating storage unit with
direct transfer mechanisms at each storage location. The SV also rotates for
access. The Forward Section is reconfigured to include the Supply Unit and is

replaced as a complete section.

2.2.2 Candidate SV Configurations

Candidate Hexagon SV configurations were created to conduct trade studies on

operational concepts of resupply vs. non-resupply. Each configuration was
2-6
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Fig. 2-3 Resupply and Maintenance Concept

designed to f\gly utilize the STS payload weight capability. Propellant was off=
o N
loaded as’RVs were added, necessitating a corresponding increase in the operational

Ji—
orbit altitude. Orbit durations were established by the fact that four RV loads of -*

film are to be exposed and returned every six months. Perkin-Elmer, working
m are Lo,

in conjunction with LMSC, studied camera system design changes required to provide
current ground resolution when the SV is operated in orbits higher than the current
82 x 144 nm.

2.2.3 Concept Selection

Since all configurations met the same mission requirements (coverage, resolution.
etc.), other variables were identified for tradeoff to facilitate operational concept

selection. Conceptually, all identified configurations seemed technically feasible.

2-7
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1 was the most significant variable among configurations. Since a detailed

%—-—- P At
\‘r design is required for bottom-up costing, a top-down method was used at this

Q(D time. Historically, weight has been shown to be a relatively constant factor in

cost estimation of aerospace systems, and was therefore employed in this pre-

ek o b S48 4 i I T N et st sttt i

y ary cost analysis. The method used may not yield a precise total cost but
‘}\y vJ‘lt is -

vahd for a conf1gurat1on-to—conflguratlon comparlson

A Sk 1 e A i ™ 1 AV e T

"" Figure 2-4 shows the cumulative cost curves for all configurations studied. In
Ju{f‘ every case the resupply/maintenance concept is more costly than refurbishment
only. The primary cost driver is the non-recurring cost for development of

resupply Kits, special STS-mounted equipment, and configuring the SV for resupply/

M. Annual recurring costs for either operational concept are approxi-
mately the same. Therefore, a non-resupply operational concept was selected.

The total costs of the non-resupply configurations are so close that a choice based on
cost alone is not clear, but it is evident that longer-life configurations have lower re-

curring costs.
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2.3 SELECTED SV CONFIGURATION

Selection of the non-resupply SV configuration was made by a series of trade studies
which considered SV frontal area, propellant usage, orbit characteristics (in-
cluding repeat cycle), STS effective payload weight capability, and ease of refur-

bishment. This selectmn process yielded the 6-RV configuration because it.:

L('I) has an acc,eptable range of orbits that yield good repeat cycles for photographic

access, has the longest practical life, and requires only a rzasc:}gble scalmg / )
R . O«
of the current optical system design.

Figure 2-5 is a preliminary design of the selected 6-RV Satellite Vehicle optimized

for STS operations and refurbishment. Salient characteristics and performance

parameters. are identified. The significant changes from the current SLV-launched SV

are: new structure compatible with STS mounting, &)/ addition of two RVs and "™ O
related film capacity, (3¥improved access, and (47/1arger camera system, including wa € T

additional redundancy. The SV subsystems in many cases are the same as Block III

Hexagon.

~

would not provide 2. 27 ft GRD atCimaltitude without optical bar modification.
Since SO-1414 is the film currently used and SO-446 is still in development, P-E
elected to employ SO-1414 as a basis for design. However, LMSC believes that

The orbit parameters attainable with the selected 6-RV Satellite Vehicle are shown A
by Fig. 2-6. Any combination of perigee-apogee and sync cycle below the operating 7 ‘/?‘
range line may be utilized. Daily propellant usage includes that required for main-

tenance of perigee location.

2-9
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